As part of improving services done for various clients in all Moroccan areas, Moroccan exportation group of fruits and vegetables in collaboration with their packaging units and producers, tends to cooperate in order to face with international competitiveness. Indeed, the complexity of networks of partners has led policy-makers to implement new techniques and tools to help control different processes. For this reason, the implementation of a permanent monitoring of different operations ranging from production, packaging, and distribution of perishable products has become paramount. This article aims to propose a model of multi-agent citrus supply chain, based on indicators for monitoring and evaluation of performance of its logistics systems, in order to build a new independent, robust and responsive chain, and to optimize and control the flow of materials and information between the different actors and stakeholders of the chain.
Introduction


In the current firms, communication, coordination and collaboration between different actors in a supply chain become a key economic issue and a serious competitive advantage. The supply chain is a complex macro-system composed of many factors: the truth intervening organizational structures and relationships between them, the decentralization of policy decisions and the offshoring of tasks related to production [1, 2] .
The management of a supply chain can be based on the management of its processes and its performance depends on the relevance of strategic decisions, tactical or operational responses at each process. This performance is measured using indicators interconnected and reflecting the impact of different actions along the supply chain.
Our article occurs in four sections: first, a literature and put into perspective their participation as part of our problem. These are models of Porter, Gilmour, Cooper, SCOR (supply chain operations reference) frameworks, ASLOG (French Logistics Association), and EVALOG (a global benchmark standard for evaluating logistics for the automotive industry) [3] [4] [5] [6] [7] [8] .
2.1.1 Porter Porter developed, in 1986 in the book "The Competitive Advantage of Nations" [3] , some generic strategy concepts that became nowadays standards in strategy domain.
Complementing previous contributions, Porter also published "Strategic and Competitive Choices" in which he describes the concept of "competitive advantage". Porter's work offers a description of the value chain. This analysis tool proposed by Porter is a relevant approach to supply chain focusing on the added value of different activities.
Gilmour
Gilmour [4] proposed a framework of strategic audit for improving the performance of the supply chain. For this reason, he applied 11 skills to build a grid with defined characterization in five dimensions characterizing the mastery of the chain logistics.
Cooper
Cooper [5] proposed a repository that guides the steering and redesign of the extended supply chains, and it is based on three elements: the processes describing the activities that create value for the customer, the steering components of these processes and the structure of the physical network of different companies constituting the chain.
2.1.4 SCOR SCOR [6] is a reference model initialized in 1996 by Supply Chain Council aimed to define a guide for standard companies, which is presented by Stephens, and includes a description of typical process, a pattern of connections between them, standard performance indicators and identifying best practices associated.
The model replaces the internal supply chain of the company within the extended supply chain with customers and suppliers. It identifies five levels of process: planning, supplying, manufacturing, return, and an additional process which is introduced by the SCOR model: process "enable". It represents the supports activities of the supply chain management.
2.1.5 ASLOG ASLOG [7] has built a repository based on one developed by Volvo in the 1990s.
This repository has been "improved" and it forms an interesting baseline for judging the relevance of a logistics system. The Toolkit Logistics ASLOG aims to help businesses improve their logistics performance.
2.1.6 EVALOG EVALOG [8] is a global benchmark standard for evaluating logistics for the automotive industry. It is the result of collaboration between GALIA (Group for the Improvement of Links in the Automotive Industry) Odette International Limited and the AIAG (Automotive Industry Action Group).
Based on the OLE (Odette Logistics Evaluation) repository and MMOG (Materials Management Operations Guidelines), respectively used in Europe and the United States, EVALOG allows self-assessment or audit logistics partner sites (plants, suppliers) in the form of a quiz and calculating a score.
Comparison of Existing Logistic Models
We described the models of Porter, SCOR, Gilmour, Cooper, EVALOG and ASLOG.
In order to assess their contribution as part of the diagnostic methodology of the supply chain, Valla [9] proposed to compare their visions by producing a summary table.
The points of comparison must correspond to some criteria of relevance against a problem of diagnosis. These points are:
 number and nature of the identified processes. Three types of processes are identified: "operational" processes that represent the flow of products along the Based on Multi-agent System  and Performance Indicators   21 chain, relating to steering (making and information flow) and supporting processes describing the support activities of the company. The criterion "nature of the identified process" allows homogeneity of the items proposed in different models;  level of detail of the processes described;  analysis methodology which identifies the proposed method of analysis associated with the model;
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 support tools which are supporting tools that can be used to detect malfunctions and to analyze performance;  best practices identified by the models. Table 1 summarizes the points of intersection between the models mentioned before.
The benchmarks studied show the difference in typology between the various processes constituting supply chain: physical process or informational/decision. Different views also show the importance of comprehensive and cross-account flows. The detailed comparison of the models in the summary table presented (Table 1 ) allows us to draw some conclusions:  The SCOR model is a reference much more accurate than other models reference;  The description of operational process is well detailed, documented and the best practices are identified. The monitoring processes are very oriented to functions (planning, return) and put forward the little cross steering the supply chain. The notion of orientation or customer service is not emphasized in this model;  Cooper [4] and Gilmour [5] models provide an interesting cross vision in steering the supply chain. The description of the proposed Cooper process and the characterization grid of Gilmour are, in particular, strong contributions;
 Identification of key business operations using the value chain of Porter [3] is an interesting contribution to the diagnosis of the supply chain. He focuses his attention on the value added by different activities.
In the present work, our study is based on the SCOR model that has major objectives to form a comprehensive view of the entire supply chain by facilitating the representation of physical, informational and financial flows from the first supplier to the ultimate client. 
Methodology
This paper proposes a method for measuring the performance of a supply chain based on the process approach and multi-agent. At first, this method provides a clear and precise modeling of this chain, which consists of the cutting process and then agent formalism. Then, it calls for identification of performance indicators approach guided by this division. This approach allows declining the strategic vision of the draft measure performance on all levels of the chain to identify indicators to monitor the extent of involvement of each level to achieve this vision. This approach allows declining the strategic vision of the draft measure of performance on all levels of the chain to identify indicators of monitoring the extent of involvement of each level to achieve this vision. The method is illustrated through examples from a food case of measuring the performance of the Moroccan citrus supply chain.
In our study, we will begin by modeling the citrus chain based on the SCOR model to understand the operation of each of its participants, to facilitate decision and improve its performance.
Then we will design a system consisting of a set of agents located in a certain environment and interacting according to certain relations. To this end, we propose to use multi-agent approach.
Finally, we will expose some elements of performance measurement of supply chains to refine our choice of performance indicators needed to evaluate our approach and position relative to others. Moreover, the SCOR model enables rapid configuration and reconfiguration of the supply chain, making possible the development of economic models to meet the changing environment. The SCOR model thus provides supply chain capacity to be robust thanks to the structure of the model, but also resilient thanks to possible reconfigurations rendered indispensable;
 Other contributions. Being generic, the model fits most problematic supply chain from strategic changes such as mergers/acquisitions of businesses, analyzes preceding the introduction of new information systems, etc.. Of course, like any cross project, conducting a project on the SCOR model requires the support of the management and the commitment of all those involved in the project. Moreover, it is clear that the step of forming the model is essential to the success of the project key.
Multi-agent Approach
The multi-agent systems, issued from the work of distributed artificial intelligence, provide relevant tools for modeling and simulation of industrial problems [11] . The properties that define agents, namely autonomy, proactivity, responsiveness and sociability [12] , make the approach of modeling multi-agent particularly suited to the problem of modeling and simulation of supply chains [13] .
Indeed, a multi-agent system is a set of agents who have some autonomy, a degree of artificial intelligence and a representation of their environment. They interact with it, and they can take the initiative, communicate with each other and adapt to different situations [14, 15] . The need for these concepts in our collaborative platform justifies, to some extent, the choice of multi-agent approach.
2.3.3 Performance Measurement 2.3.3.1 What Measures the Supply Chain? Several factors explain why leaders need specific measures to manage the supply chain, including [16] :
 the absence of measures that express the performance of the entire chain;
 the need to go beyond internal measures and cover the entire supply chain;
 the need to determine the interaction between the performance of each player and the chain as a whole;
 complexity of supply chain management;  the necessity to align activities and share information about the performance to implement a strategy to achieve the objectives of the supply chain;
 the desire to widen the viewing angle within the supply chain;
 the desire to spread the positive and negative functional changes in the supply chain effects;
 the necessity to differentiate supply chain to gain competitive advantage;
 the desire to promote cooperation between the functions in companies and among members of the supply chain.
Elements of Performance Measurement
Performance measurement in the supply chain "is interested in improving the functioning of the media production process and increasing overall productivity" [17] . Generally, tools and approaches of performance measurement have been adapted to the context of performance evaluation in supply chains. One of these tools is the dashboard.
Indeed, Bouquin [18] defines the dashboard as "an instrument for measuring a set of indicators which allows decision makers to be aware of the status and evolution of the systems they are operating". The latter definition refers to the notion of indicator as a means of measuring performance.
Indeed, in the scientific literature, we identify several definitions of the concept of performance indicators:
 "A performance indicator is quantitative data that express the effectiveness and/or efficiency of all or part of a (real or simulated) system, compared to a standard, determined and accepted plan as part of a business strategy" [19, 20] ;
 "A performance indicator is a numerical translation of the strategic objectives of the organization" [21] ;
 "A performance indicator is an information which must help an individual actor or organization to drive the course of action towards achieving a goal, or to allow him to evaluate the results" [17] ;
 "A performance indicator is associated with a 'pilot action' which should be operational relevance" [18, 22] .
The indicators can be grouped into two categories, as presented by Chan [23] :
(1) Quantitative: it is a measure of a physical quantity. In this type of measurement we find variables such as:
 costs: cost of distribution, production costs, storage costs, etc.;  use of resources: machine capacity, energy use, etc.;
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(2) Qualitative: an assessment on a scale of subjective value [24] as:
 quality: customer satisfaction, customer response times (between order and delivery), etc.;
 flexibility: machine flexibility, routing flexibility, flexibility of labor.
Regarding the result of our work, it seems interesting to characterize the performance of our approach to disturbances (break of stock, the delay in time, overhead, etc.) and environmental fluctuations such as indicators that will be detailed later.
Case Study
Our study is conducted on the citrus industry, and we use the SCOR model to break our chain process in order to better visualize the different historic flows between the actors and bring out its flaws.
The citrus industry, being the first group of fruits exported in Morocco, is considered as a strategic sector involved of trade balance and is raised to the highest priorities of agricultural policy. Having highly profitable public investment and incentives for production as an export crop irrigated, this sector has been known since the 1960s sustained development.
The supply chain of this industry involves several actors from production to marketing of citrus. It is a multi-actor chain. The major actors of the chain of citrus industry are :
 farm: production;  station: packaging;  group : export;  platform : distribution. The packing citrus station is considered as firm pivot of our chain. For this, our upstream chain will consist of the farm producer as a major player, and the downstream channel will be composed of the exporting citrus group (in Morocco) and distribution platform (abroad).
Modeling of the SCOR Citrus Industry
Citrus Supply Chain Process
According to the International Standard ISO/DIS8402, a process is a set of resources (personnel, facilities, equipment, techniques and procedures) and related activities that transform inputs into outputs elements. The main processes of the Moroccan citrus export chain seem: 3.1.1.1 Planning Process Programming in the citrus industry is loop, beginning by the producer, while returning it to him. This process can be decomposed into two sub-processes:
 Sub-process long-term planning: it consists on the design of the overall export program throughout the campaign which we identify by the symbol "N" specifying the tonnage, destinations, means of transport to use, etc.;
 Sub-process short-term planning (weekly): it consists on actual weekly schedule of the week symbolized by "s + 1" and throughout the campaign N.
Supply Process
To satisfy its client, the packing station which we identify by symbol "S" involves several stakeholders in the preparation and packaging of its citrus. These stakeholders are packaging suppliers, raw material (citrus), packaging supplies (wax, etc.), transport partners and others. The main objective of supply process is to provide the chain studied by all the necessary supplies.
3.1.1.3 Packaging Process The packaging process comes just after the completion of the supply process. We also note that the two processes are continuous in time. This process involves the pivot of the citrus supply chain and aims to describe the various steps of citrus packaging.
3.1.1.4 Distribution Process It concerns the downstream chain represented by the exporter citrus group. Once packed, the packing station delivers its citrus to exporter group who handles marketing for different markets through its platform abroad.
Global Mapping of Process Citrus Supply Chain
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After presenting each process of the citrus chain, we propose a global mapping (Fig. 1 ) from supplier's supplier arriving at the pre-ultimate client.
Multi-agent Modeling of Citrus Chain Processes
After having decomposed our supply chain to processes, we will form a system consisting of a set of agents located in a certain environment and interacting according to certain relations. For this reason, we propose in our work to be inspired from the multi-agent approach.
Each process will be pre-modeled by a multi-agent system, then we will regroup all the systems in a global mapping.
3.2.1 Agent 1: Supply Process According to the results obtained previously, the major pillars of completion of the supply process are: packaging (Agent 1′′′) and transport (Agent 1′) of citrus (Agent 1′′). Based on the multi-agent system and our previous results, we represent the supply process in Fig. 2. 3.2.2 Agent 2: Packaging Process This process uses four pillars: chemical products used in processing citrus fruit from the farm, citrus, packaging and water used in the packaging line.
A model of multi-agent system is proposed as represented in Fig. 3 .
Agent 3: Distribution Process
The distribution process is performed at group level exporter. Once packed, the packing group delivers its citrus to exporter group (refrigerated trucks) which handles marketing for various markets including: direct customers, distribution platforms or brokers.
It is noticed that citrus are delivered to different clients with two types of shipping: conventional transport and container transport.
The model in Fig. 4 illustrates the major pillars of the distribution process.
Agent 4: Planning Process
Planning is the key stage of citrus logistic chain, and, following this planning, the sequence of the chain from the farm to the final customer begins.
For this, the successful programming step means successful on all chain and vice versa. This programming covers all operations done in the chain: supply of raw materials, packaging and dispatching to the customer.
The programming in the sector of citrus is loop, commencing with the producer while turning to him. For this purpose, it is considered that process as the permanent staff at all levels of the chain. Therefore, the modeling agent on the process is proposed as in Fig.5 .
For this purpose, it is considered that process as the permanent staff at all levels of the chain. For this, the modeling agent on the process is proposed as in Fig. 5. 
Mapping the Global Chain of Citrus
After modeling the multi-agent processes with key parameters for each, we combined between the proposed scheme and the decomposition of processes to bring out a new model of global mapping of citrus chain studied (Fig. 6) .
Modeling the supply chain has helped to determine the various points on which we must focus to improve our citrus supply chain Moroccans.
The mapping aims to take into account all the interactions and transactions related to the product and understanding of the processes and sub-processes in the chain with a good interpretation of aggregate demand to the successful completion of commands.
For this, performance indicators are associated with different chain processes to allow the company to be evaluated.
Monitoring and Performance Evaluation of Logistics Systems: Method Based on Processes and Multi-agent Approaches
The quality monitoring is an integral part of any citrus logistics system. It can describe the performance of this system, assess its strengths and weaknesses and identify areas for improvement. 
Production of new plant
Planning performed (each citrus campaign start)
Citrus production in orchards To this end, the planning of a supply chain is a complex operation because a string is treated as a point to point connection and a real network as coordination and a global vision. This coordination which is presented in the case of a multi-site company, allows the consideration of client requirements and deadlines imposed by suppliers that remain important to define a reliable planning.
The objective of this section is to assist decision makers to best meet the final client while planning their production and supply.
Robust Planning in an Uncertain Environment
The robust planning has a principal mission:  anticipate problems that may occur in the various processes of the logistics chain;
 define the best decisions in the context of the reactivity of the supply chain following degrees of freedom of decision maker (the quantity of supply, capacity, and quantity to produce or subcontract);
 integrate uncertain parameters when planning.
Modeling of Complex Logistics Chain
A supply chain is a complex system that must be broken down into subsystems, and each subsystem can represent an entity or functionality set by inputs and outputs with predefined objectives.
There are three types of modeling based on multi-agent approach. The first one is a centralized approach, where a single agent controls the different processes in the chain. The disadvantage of this method is heaviness treatment, deficiency of flexibility and reactivity. The second type of modeling is based on a decentralized architecture where each agent controls and monitors a single process, and exchanges information with other agents. The advantage of this approach is the best local flexibility and reactivity and its disadvantage is evident in the heaviness of overall visibility and the global coordination. 
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A new approach based on the mixing of the decentralized and centralized approach is proposed, where every agent checks a process and passed on a report at the level of the central agent who coordinates with other agents.
The global vision of this architecture is going to insure a reactivity further to changes, review of the objectives in case of unforeseen circumstances and also a better flexibility. 
Restructuring of the Chain Based on a Reactive Approach
The implementation of performance indicators for the follow-up and the control of the supply chain seem necessary for evaluation of the dynamic state of the chain in particular. We distinguish the global characteristics of the chain which we can define by deadline, cost, quality, as well as the local characteristics for fascinating each party of the chain. Several scenarios are proposed to put the interest of our approach, in particular in a complex economic environment with many variable parameters.
In case we cannot accommodate locally (local agent) to certain scenarios, we call on to the coordinating agent who will make the decision to define new local requirements at the level of every agent to protect the global performance of the chain. It is possible that even in the presence of a restructuring of the chain, the global objectives are partially affected only. We shall develop these scenarios in the following paragraphs. Fig. 10 shows well that the choice of certain parameters of the chain affects its performance. An optimal choice of these parameters (Qn, Dn, Cn) stays a sensible compromise. In a real context, the performance of the citrus supply chain is always perturbed by fluctuations (stock and cost) and uncertainties which return indicators at half-mast.
Consequently, the chain is characterized by a new model of functioning (Qnf, Dnf, Cnf) where the objective remains to restructure the chain by acting on the local ways or the resources to be able to find the global performance, or the asymptotic performance.
The restructuring is to recalculate the Lagrangian (L) using the following formula: f(S) represents the resources to achieve the goals after restructuring.
The minimization of this criterion allows to define the new parameters distributed by the chain and also the objectives which should be protected and those which should be modified.
Proposal of a New Model for the Reactivity of the Complex Chain
As presented, our supply chain consists of a set of interconnected processes, and every process evolves in an uncertain environment which, well obviously, propagates in the other processes and influences the objectives and the performance of the global chain.
Internal variations associated with every process can be compensated with internal actions by requesting the means and the available resources. In case where these uncertainties are very important, the coordination of the chain is going to modify certain internal parameters of the other processes piloted by agents, and to maintain its global performance. Several scenarios can be studied to show the capacity of the chain to protect its global objectives.
The modeling (Fig. 11 ) which represents the reactivity of a complex chain is proposed:
Indeed, every process possesses a local dashboard piloted by an agent. However, a process is the object of several disturbances which can affect his local dashboard. The role of the local reactivity is to be able to set up corrective actions allowing to mitigate in housing the various uncertainties and the disturbances to protect the local board for a determined horizon.
In case where the internal actions of a process cannot check or accommodate the disturbances which appear at the process, the coordinating agent takes over to redefine the strategy of the chain to protect his global dashboard.
Cost, Deadline and Quantity, Key Indicators of the Citrus Supply Chain
The good management of a citrus supply chain is subordinated, mainly, to the control of its major pillars.
By basing on what precedes, it is noticed that all the processes and agents predefined have major objective to estimate the facts most widely possible to find the most optimal solutions from the point of view of the set levels of the supply chain: better costs, flexibility, better deadline and quantity. Indeed, the best improvements are generally realized when taking into account the possibilities, the problems and the knowledge of each. In continuation of our work, it seems interesting to characterize the performance of our approach in front of disturbances and fluctuations in the environment according to the total cost of production, the best delivery deadline, and the good quantity asked by the customer. For that purpose, in the following, three key indicators of the chain are put: cost, deadline and quantity. The major objective of a supply chain is to control the global cost. This cost is calculated according to the partial costs of the various processes and sub process of the chain. For that purpose, there are situations which engender on costs (as the modification of a command, the variation of the raw material, the unavailability of the human resources and the materials, the delays caused by the means of transportation).
The first digital application handled in this article concerns the optimization of the global cost of the studied chain:
Min
...
where, α i C i ≤ C max , under the constraint of a maximum cost of a process associated with an agent i; C i represents the cost to perform the tasks of a process i controlled by an agent;
CT is the total cost of the process chain; T = {t 1 ...t k } is the number of agents contributing to the realization of different processes; α i , β j , λ k are the weights associated with the contribution of each agent in the tasks.
Often, the cost is an uncertain indicator, disrupted by the fluctuations in the parameters checking the various processes piloted by the various agents of the citrus chain.
The major purpose is to master the global cost of the chain. We fix a cost reference that going to be decomposed into several sub cost references C and real cost C i .
Indicator Based on the Deadline and Quantity
We can plan the same approach realized for the cost on two other remaining indicators: deadline and quantity. We define e iQ and e id the gaps between the references and the real values are as follows:
In the practical case, these errors are different from 0, due to the uncontrollable factors of the chain. We shall define, afterward, bearable thresholds from which it is necessary to plan a strategy of restructuring to obtain an intelligent and autonomous supply chain.
Restructuring of the Supply Chain: Towards a Reactive Chain
The restructuring of a chain consists in seeing again the adopted strategy by making new decisions. This is translated by the implementation of new preventive or still palliative actions. These actions require the modification of certain experimental parameters of the chain to protect its performance indicators.
The gaps which do not exceed certain thresholds (ε) remain bearable: If one or many indicators exceeds their tolerance thresholds, the strategies of restructuring following the relevance or the criticality of the indicator are used. Indeed, three categories of restructuring based on the model presented above (Fig. 12) are presented:
(1) Internal restructuring. This restructuring concerns the minor disturbances (small delays, temporary breakdowns, temporary break of stock) which can be compensated/regularized by a modification of the planning which consists in certain Restructuring is not necessary Fig. 12 Algorithm of restructuring based on the architecture of mixed decision. δ i : threshold amount set by the decision maker; ε i : threshold of the actual cost set by the decision maker; γ: threshold necessary delay associated with the completion of each process i.
cases in adding new ways or in requesting new temporary resources to remedy it without exceeding the tolerance threshold. In this case, the gaps stay under the tolerance thresholds. In case we exceed the tolerance thresholds fixed for every indicator, we shall pass in an external restructuring which will call other agents;
(2) External restructuring. It will be active when the internal restructuring will not allow protecting the local indicators associated to every agent. Indeed, our strategy will consist in requesting the coordinating agent to redefine new local indicators protecting the global objective fixed at the level of the master agent. It supposes that the global objective remains reachable. In the opposite occur, we shall go to the asymptotic external restructuring; (3) Asymptotic external restructuring. If the global objective is not reachable, even having requested in coalition of other agents of various processes, it is possible to keep certain indicators and to find new references which could be most adapted for others:
In this case, we intend to modify the global indicator while remaining the closest possible to the initial reference.
Criterion of Synthesis
Resting on the Lagrangian criterion, we summarize the various scenarios in the minimization of a quadratic criterion according to three indicators: cost, quantity and deadline:
All the objectives are often difficult to reach. For that purpose, it would be sensible to settle priorities.
Start
Initialization of various indicators (Q
Delay compensation through a redistribution of different downstream processes Indeed, the criterion presented previously bases itself mainly on the choice of priority between the cost, deadline and quantity. For example, for a well determined case, we fix the quantity and the deadline as two priority indicators. In this case, the criterion will allow us to obtain a cost under optimization.
For that purpose and to be able to answer the global request of the chain, the criterion L should fix new objectives (Q f , D f , C f ) with two maintained objectives and one modified (* means modified, Q f , D f , C * f ). We synthesize all the scenarios presented previously by the algorithm of Fig. 12 .
As we have already shown at the global cartography of our citrus supply chain, the processes/agent of the chain are interconnected between them. For that purpose, it is advisable to indicate that a delay can be multiplicative and can propagate at the various processes/agent of the chain. Consequently, it can have a negative impact on the chain studied. To mitigate this problem, applying the methods of estimation of the delay (probability approaches) is suggested. If the delay is generated by a process of departure and as soon as the delay is estimated, two methods on the basis of the model of the architecture centralized/decentralized ∆D i n are proposed.
The first method is intended to compensate the overall delay by decomposing into partial delays and distributing them to different processes depending on the flexibility of each. This requires a good understanding of the various processes and the current conditions (resource states).
As for the second method, it is to set up new resources in the various downstream processes in order to compensate the difference detected at each one. This will allow the algorithm to instantly recalculate a new configuration.
In the next section, we will shed some light on adaptive planning which will be closely linked to the restructuring process.
Conclusions
We position our work in the context of strategic piloting of the citrus supply chain, by focusing on the improvement of its performance. In this context, developed a review of surrounding areas of modeling applied within the framework of management of the supply chain is developed. This brought to hold the hierarchical approaches as a relevant solution. On the first hand, these approaches reflect the reality of the relations of coordination which settle down between the various actors of the same chain. On the other hand, they offer a good compromise between the research for an optimal planning, the synonym for competitiveness, and the decision-making flexibility, the source of reactivity, indeed, in an economic situation characterized by a greater competition.
Indeed, a new modeling of the citrus supply chain is proposed based on the multi-agents approach and indicators of follow-up and benchmarking of its logistic systems to be able to build a new autonomous, strong and reactive chain, and to optimize, to check the flow of subjects and information between its various actors and participants. For that purpose, an approach allowing to identify and to define the assets of a strong and reactive supply chain is proposed with regard to the disturbances and to the uncertainties, resting on a model of mixed piloting (centralized/decentralized). Scenarios are proposed to illustrate this approach.
In the perspectives of our works, we will extend this method to the context of adaptive planning in order to get final intelligent and autonomous chain.
